Abstract. In the high power traction driving system, induction motor is widely used with its advantages of strong structure, high reliability and low cost. When the voltage source inverter is used as the driving device of the induction motor and the motor speed exceeds the rated speed, it is required to consider the limit of DC bus voltage and inverter rated current. Therefore, an appropriate field weakening control strategy is needed to reduce the rotor flux, and to enhance the output torque of the motor when induction motor operation in the filed weakening region. According to the above problems, considering the DC side bus voltage limit and the inverter current limit, this paper focuses on the analysis the current distribution of induction motor in the field weakening region to achieve maximum torque output, and proposes a method which achieve the maximum torque output in full speed range based on the DQ axis voltage regulation. In the final, the simulation results are verified on the MATLAB/Simulink simulation platform.
Introduction
In rail transit, the asynchronous motor is widely used for its simple structure and strong adaptability. For high power traction drive system, it is very important to achieve high performance control performance in the whole speed range. Especially when the motor operates in the field weakening region，choosing appropriate control strategy has a very important influence on the control performance of induction motor, due to the limitation of DC side voltage, stator current nonlinear factors and the impact of back EMF.
In the high power traction driving system, it is very difficult to select the appropriate rotor flux in the high-speed region of induction motor. Too large or too small a value of rotor flux may lead to a decrease in developed torque, and thus the deterioration of motor operating performance, such as dynamic behavior and conversion efficiency.
According to this, it has been proposed a lot of the flux weakening control strategy. The simplest method is to let the rotor flux reference be inversely proportional to the rotor speed [1, 2] . In [1] , the operation principle of the 1/ r ω method is explained. The main problem of this control strategy is that the rotor flux is not properly selected. The researches made in [2] take the voltage limitation into consideration based on the conventional 1/ r ω method. Weakening control strategy [3] adopted in accordance with the motor model to calculate a reasonable stator excitation current command. Since the calculation in accordance with the steady-state motor model parameters to obtain the parameters of the current command of highly sensitive, especially in certain motor parameters affected by magnetic saturation, frequency and temperature will change dramatically. Transient model of induction motor are used to calculate the reference current command, which improves its robustness to a certain extent in [3] . In [4] , the reference flux current command value calculated by adding a stator voltage loop, thereby greatly enhancing the robustness of the motor parameters. The input of voltage controller is the error between the maximum output voltage limit and the actual output voltage. The paper [5] pointed out that an algebraic loop may be existed in the method of voltage 6th International Conference on Machinery, Materials, Environment, Biotechnology and Computer (MMEBC 2016) controller. To avoid the algebraic loop, PI controller is replaced by integral controller. Off-line weakening control strategy is mainly look-up table, the torque current and flux current command value are obtained by the look-up table in [6] .
This paper established the steady-state mathematical model of the induction motor, the voltage and current constraints are researched under the full speed range. By analyzing the constraints, based on research results, we propose a maximum torque output of weakening control method. The method is based on the rotor field oriented vector control, in synchronization with the rotation of the rotor flux M-T coordinates, according to the DQ axis stator voltage regulation, achieves the maximum torque output in weakening field.
In this paper, section 2 establish the state mathematical model of the induction motor, and analyzes the DC voltage limits, current limits. According to the induction motor in different workspaces current and voltage analysis, a maximum torque output weakening control strategy is obtained in the field weakening based on DQ axis voltage regulation in section 3. This method is verified on the MATLAB/Simulink simulation platform in section 4.
Current and voltage limitation of induction motor in the field weakening region
When the induction motor operates in the field weakening region, the main objective is to ensure control of the maximum torque output and full utilization of the motor and the inverter capacity. The limitation of the rated current of the motor in the field weakening region and the DC bus voltage are shown in Eq. 1. 
is the leakage inductance, r ψ is the rotor flux, e ω is the synchronous angular velocity. Fig. 1 the limit of current and voltage in the field weakening region When the induction motor operates in the high-speed region, the voltage shared by stator resistance is so small that can be neglected. In the steady state analysis, the differential phase is zero, so the Eq. 2 can be simplified as: 
According to Eq. 1 and Eq. 3, the DQ axis voltage limit curve can be shown in Fig. 1 when induction motor operates in the field weakening region. As can be seen from Fig. 1 , in the DQ axis stator voltage coordinates, as the motor speed increases, the current limit circle constantly extended. When the speed reaches a certain level, voltage limit circle is all in the current limit circle, at this time, only need to consider the voltage limit.
DQ axis stator voltage distribution for the maximum torque output
The full speed range can be divided into three areas, the constant torque region (ws <wbase), the constant power region (wbase <ws <w1) and the constant voltage region (ws> w1), as shown in Fig. 2 . 
From Eq. 4, we can make
The size of F determines the size of the motor output torque. Therefore, a reasonable allocation of DQ-axis voltage can achieve maximum torque output.
Constant torque region
In the constant torque region, because the rotor speed is lower than the rated speed, the motor is not limited by the voltage and is only restricted by the rated current, therefore, DQ axis stator voltage increases linearly as the speed in Eq. 5. 
Constant power region
When the speed exceeds the rated speed, the motor is not limited by the voltage and current. As shown in Fig. 3 , if the rotor flux command still maintain the original rating, motor run from A to B` when the speed increased from wbase to ws1. It is clear that the operation voltage has exceeded the maximum voltage which makes the current response decrease a lot, and then leads the motor does not work. Therefore, in order to prevent the voltage saturation, the motor needs run from point B` to B by adjusting the flux command. This will not only meet the voltage and current limits, but also achieves the maximum torque output. Fig. 3a , we can get distribution of DQ axis stator voltage in the constant power region which can achieve the maximum torque output in Eq. 6. 
Constant voltage region
As the speed continues to increase, the motor runs from C to D in Fig. 3b . It is clear that the torque output at point D is less than the torque output at point C. Therefore, the optimum voltage vectors remain unchanged in the constant voltage region. From Fig. 3b , we can get distribution of DQ axis stator voltage in the constant voltage region which can achieve the maximum torque output in Eq. 7. Fig. 4 the weakening control strategy of the maximum torque output in full region In the above, the analysis of the induction motor DQ axis voltage distribution of the maximum torque output under full field is realized. Thereby we obtain weakening control strategy of the maximum torque output shown in Fig. 4 . In order to make the stator voltage command equal to the maximum output voltage, we can adjust rotor flux command by the q-axis stator voltage regulator when the motor operates in the field weakening region which can reduce the q-axis stator voltage. When the motor operates in the constant voltage region, the maximum output torque is achieved by the d-axis stator voltage regulator.
Simulation results
In order to verify the performance of the weakening control strategy, a simulation model based on MATLAB is constructed. The motor parameters used in the simulation are shown in table 1. The simulated motor rotor flux resulting from these two methods for rotor speeds ranging from 0 to 3000 rev/min are compared in Fig 5a, and large difference between them can be observed from the results. In addition, the simulated output torque from these two methods for rotor speeds ranging from 0 to 3000 rev/min are compared in Fig 5b. One can observe from the results shown in Fig. 5b that large output torque are resulted by applying the proposed method as the speed is increased. 
Conclusions
In this paper, according to the steady state equation of induction motor, the restriction of current and voltage in field weakening region is studied. In addition, weakening control strategy is proposed based on DQ axis stator voltage regulation, to achieve the maximum torque output. The strategy does not require precise motor parameters and complex calculations to select the appropriate rotor flux. What' more, it has a good effect on improving the performance of induction motor in field weakening region.
